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EXPANDABLE ENDOVASCULAR GRAFT 
AND METHOD FOR DEPLOYING THE SAME 
Background of the Invention 
5 This invention relates to grafts. More 

particularly, the invention relates to grafts for the 
blood vessels of animals. In a further respect, the 
invention relates to expandable blood vessel grafts which 
facilitate the rapid and secure insertion of the grafts 
10 in the blood vessels. In another respect, the invention 
relates to expandable blood vessel grafts which can be 
inserted at the bifurcation of a blood vessel. 

The use of grafts in the blood vessels of human 
beings and other animals is well known in the art. 
15 However, several disadvantages are associated with prior 
art grafts. First, the time required to insert a graft 
can be substantial, particularly when an expandable graft 
is utilized which requires that an angioplasty balloon be 
inflated at several positions along the length of the 
20 graft in order to properly expand the graft. Second, it 
is difficult to insert grafts near a bifurcation of a 
blood vessel, for example, the aortic arterial 
bifurcation. 

Accordingly, it would be highly desirable to 
25 provide an improved blood vessel graft which would 

facilitate the rapid deployment of the graft in a blood 
vessel and which would facilitate the use of the graft at 
the bifurcation of a blood vessel. 

Summary of the Invention 
30 Therefore, it is a principal object of the 

invention to provide an improved graft. 

A further object of the invention is to provide an 
improved expandable blood vessel graft which facilitates 
the deployment of the graft in a blood vessel when the 
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graft requires expansion at several points along the 
length of the graft. 

Another object of the invention is to provide an 
improved blood vessel graft and method for inserting the 

5 graft at the bifurcation of a blood vessel. 

Briefly, in accordance with the invention, I 
provide a graft for carrying blood. The graft includes a 
first portion having a diameter, and a second portion 
connected to said first portion and having a diameter 

10 less than the diameter of said first expanded portion. 
The second portion is expandable with a balloon after the 
first and second portions are inserted in a blood vessel 
in the body of an animal. 

In another embodiment of the invention, I provide 

15 a graft for carrying blood. The graft includes a first 
portion having a diameter, and a second portion connected 
to said first portion and having an original diameter. 
The second portion is expandable with a balloon to a 
diameter greater than the original diameter after the 

20 second portion is inserted in a blood vessel in the body 
of an animal. 

In a further embodiment of the invention, I 
provide a method for inserting in the body of an animal a 
graft for carrying blood. The method includes the steps 

25 of: providing a graft including a first potion having a 
diameter, and a second portion connected to the first 
portion and having a diameter less than the diameter of 
the first portion, the second portion being expandable 
with a balloon after the second portion is inserted in a 

30 blood vessel in the body of an animal; inserting the 
second portion in the blood vessel of an animal; and 
expanding the second portion with a balloon. 

In still another embodiment of the invention, I 
provide a method for inserting in a human being a graft 
35 which extends into the aortic blood vessel bifurcation. 
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The method includes the step of providing a graft. The 
graft includes: a center portion having a pair of ends 
and a diameter; a first expandable portion connected to 
one end of the center portion; a first expandable leg 
5 connected to the other end of the center portion; and a 
second expandable leg connected to the other end of said 
center portion. A portion of one end of a first length 
of suture is inserted through one side of the groin of 
the patient , through one iliac artery , through the other 

10 iliac artery , and out the other side of the groin of the 
patient such that the other end of said suture extends 
out through said one side of the groin. A portion of the 
suture extending out the other side of the groin of the 
patient is attached to the second expandable leg of the 

15 graft. A second length of suture is attached to the 
first expandable leg. The graft is inserted into the 
aorta through the other side of the groin such that the 
first and second expandable legs move through the aorta 
toward the patient's heart and past the junction of iliac 

20 arteries. The first and second lengths of the suture are 
gently drawn in a direction out from the patient's body 
to move the graft away from the patient's heart such that 
the first and second expandable legs are each pulled down 
into one of the iliac arteries. The first expandable 

25 portion of the graft is expanded with a stent to secure 
the graft in place in the aorta. 

In one aspect, the invention features a graft for 
use in a blood vessel, said graft including: (a) a first, 
large diameter portion having a diameter corresponding 

30 substantially to the inner diameter of the vessel, the 
large diameter portion being formed of a foldable 
synthetic material such that the portion can be reduced 
to smaller profile to facilitate insertion into the 
vessel and be extended substantially to the diameter of 

35 the vessel once positioned at a desired site; and (b) a 
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second, small diameter portion connected to the large 
diameter portion and having a substantially uniform 
diameter that is less than the diameter of the large 
diameter portion and the diameter of the vessel to 
5 facilitate insertion into the vessel, the small diameter 
portion being formed of a synthetic material such that 
the portion can be radially expanded to the vessel wall 
diameter after insertion in a blood vessel. 

In another aspect, the invention features a system 

10 for use in a blood vessel, said system including a graft 
and an expansion element. The graft includes (a) a 
first, large diameter portion having a diameter 
corresponding substantially to the diameter of the vessel 
and a length substantially greater than the expansion 

15 element, the large diameter portion being formed of 

f oldable synthetic material such that the large diameter 
portion can be reduced to smaller profile to facilitate 
insertion, into the vessel and can be extended 
substantially to the diameter of the vessel once 

20 positioned at a desired site; and (b) a second, small 
diameter portion connected to the large diameter portion 
and having a diameter that is less than the diameter of 
the large diameter portion and the vessel diameter to 
facilitate insertion into the vessel; the small diameter 

25 portion being formed of an expandable synthetic material 
such that the small diameter portion can be radially 
expanded with the expansion element to a diameter greater 
than the original diameter after insertion in the vessel. 
In yet another aspect, the invention features a 

30 method for inserting a graft in a vessel. The method 
includes the steps of: (a) providing a system as 
described above, including a graft and an expansion 
element; (b) positioning the graft in a manner that the 
small diameter portion is located about the expandable 

35 element and the large diameter portion is reduced to a 
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profile smaller than the vessel diameter; (c) inserting 
the graft and the expansion element in the blood vessel 
and locating the graft at a desired site; (d) radially 
expanding the small diameter portion with the expansion 
5 element; and (e) collapsing the expansion element, and 
removing the expansion element from the vessel while 
leaving the graft in the vessel. 

Embodiments may include one or more of the 
following features. The graft is preferably a continuous 

10 tube-form of a single synthetic material. The graft is 
preferably formed of PTFE. The small diameter portion of 
the graft preferably has a shorter length than the large 
diameter portion. The large diameter portion of the 
graft preferably has a length sufficient to span a 

15 diseased area while the end portion is selected to engage 
a healthy portion of vessel adjacent the diseased 
portion. An expandable metallic stent is preferably 
attached to the synthetic material and preferably extends 
only in the small diameter portion. The small diameter 

20 portion of the graft is preferably at an end of the 
graft. First and second small diameter portions are 
preferably arranged with the large diameter portion 
therebetween. The graft preferably includes a small 
diameter portion at only one end. A sheath is preferably 

25 included for delivery of the graft into the vessel. The 
expansion element is preferably an inflatable balloon. 
The balloon is preferably an angioplasty balloon. The 
graft and expansion element are preferably delivered over 
a guidewire. The graft and expansion element are 

30 preferably delivered through a sheath. 

In a further aspect, the invention features a 
graft for use in a blood vessel. The graft comprises: a 
continuous tube-form of a single synthetic material 
including: (a) a first, large diameter portion having a 

35 diameter corresponding substantially to the inner 



WO 95/34255 



PCT/US95/07258 



- 6 - 

diameter of the vessel, the synthetic material in the 
large diameter portion being foldable such that the 
portion can be reduced to smaller profile to facilitate 
insertion into the vessel and be extended substantially 
5 to the diameter of the vessel once positioned at a 
desired site; and (b) a second, small diameter portion 
connected to the large diameter portion and forming an 
end of the graft, the small diameter portion having a 
substantially uniform diameter that is less than the 

10 diameter of the large diameter portion and the diameter 
of the vessel to facilitate insertion into the vessel, 
the small diameter portion being formed of the synthetic 
material and including an expandable metal stent 
extending only in the small diameter portion such that 

15 the portion can be being radially expanded to the vessel 
wall diameter after insertion in a blood vessel* 

Embodiments may include one or more of the 
following features. The small diameter portion of the 
graft preferably has a shorter length than the large 

20 diameter portion. First and second small diameter 

portions are preferably arranged with the large diameter 
portion of the graft therebetween. The graft preferably 
includes a small diameter portion at only one end. The 
graft is preferably formed of PTFE. 

25 In another aspect, the invention features a method 

for forming a graft for use in a blood vessel. The 
method comprises the steps of: providing a continuous 
tube-form of a single synthetic material, the tube form 
having a diameter smaller than the diameter of the 

30 vessel; inserting an expandable member into the tube 
form, the expansion element having a length that is 
shorter than the length of the tube-form; expanding the 
expansion element to radially expand the synthetic 
material to form a first, large diameter portion having a 

35 diameter corresponding substantially to the inner 
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diameter of the vessel; the synthetic material in the 
large diameter portion being foldable such that the 
portion can be reduced to smaller profile to facilitate 
insertion into the vessel and be extended substantially 
5 to the diameter of the vessel once positioned at a 
desired site, and to form a second, small diameter 
portion connected to the large diameter portion and 
forming an end of the graft, the small diameter portion 
having a substantially uniform diameter that is less than 
10 the diameter of the large diameter portion and the 

diameter of the vessel to facilitate insertion into the 
vessel, the small diameter portion being formed of the 
synthetic material such that the portion can be radially 
expanded to the vessel wall diameter after insertion in 
15 the blood vessel* 

The invention also f eatures a graft for use in a 
blood vessel formed by the above-mentioned process. 

These and other, further and more specific, 
objects and advantages of the invention will be apparent 
20 to those skilled in the art from the following detailed 
description thereof, taken in conjunction with the 
drawings and the claims. 

Brief Description of the Drawings 
Fig. 1 is a side section view illustrating a blood 
25 vessel graft constructed in accordance with the 
principles of the invention. 

Fig. 2 is a side section view illustrating another 
embodiment of the blood vessel graft of the invention. 

Fig. 3 is a side section view illustrating still 
30 another embodiment of the blood vessel graft of the 
invention. 

Fig. 4 is a side section view illustrating the 
graft of Fig. 3 provided with a stent and with an 
angioplasty balloon for securing the graft in position in 
35 a blood vessel. 
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Fig. 5 is a side section view illustrating an 
aortic aneurysm with the graft of Figs. 3 and 4 inserted 
therein. 

Fig. 6 is a side section view illustrating the 
5 aneurysm and graft of Fig. 5 after an angioplasty balloon 
is used to expand a stent and secure the graft in the 
aorta. 

Fig. 7 is a side section view illustrating the 
aneurysm and graft of Fig. 6 after the proximal portion 
10 of the graft has been completely expanded. 

Fig. 8 is a side section view illustrating an 
aortic aneurysm after a suture look has been coursed 
through the iliac arteries. 

Fig. 9 is a side section view illustrating the 
15 aortic aneurysm of Fig. 8 after a split-leg graft has 
been inserted above the bifurcation of the aorta. 

Fig. 10 is a side section view illustrating the 
aneurysm and graft of Fig. 9 after an angioplasty balloon 
is used to expand a stent in the aorta above the aneurysm 
20 to secure the graft in place. 

Fig. 11 is a side section view of the aneurysm and 
graft of Fig. 10 illustrating the insertion of a stent on 
one of the distal split legs of the graft to secure the 
graft in an iliac artery. 
25 Description of the Preferred Embodiments 

We turn now to the drawings, which depict the 
presently preferred embodiments of the invention for the 
purpose of illustrating the practice thereof, and not by 
way of limitation of the scope of the invention, and in 
30 which like reference characters refer to corresponding 
elements throughout the several views. Fig. 1 
illustrates a graft 20 constructed in accordance with the 
invention. In the graft 20 of Fig. 2, the diameter of 
center portion 21 is greater than the diameter of the 
35 proximal portion 22 and distal portion 23. The graft 20 
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is preferably made by taking a length of material like 
thin, pliable, expandable polytetraf luoroethylene (PTFE) 
tubing and expanding an intermediate section of the 
tubing to form center portion 21 while not expanding the 

5 proximal portion 22 and distal portion 23. Fabricating 
graft 20 from a thin, pliable, readily foldable material 
is preferred because one primary application of the graft 
requires that the graft can be folded into a small 
configuration so the graft can be inserted into a blood 

10 vessel in a sheath or sleeve which slides along a guide 
wire inserted in the blood vessel. 

If desired, the central portion 21 can be made 
from a material different than the material used to make 
the proximal portion 22 and/or distal portion 23. 

15 Portion 22 can be made of a material different from that 
of portions 21 and/or 23. Central portion 21 also need 
not be expandable and can, for example, be fabricated 
from dacrpn, nylon or some other synthetic material which 
has a diameter larger than the diameter of the proximal 

20 and distal portions 22, 23 and which is not expandable. 
Central portion 21 can be sutured or otherwise attached 
to the proximal portion 22 and/or distal portion 23. 
When, however, graft 20 is inserted in the body, the 
diameter of portion 21 is larger than the diameter of 

25 proximal and distal portions 22 and 23, and the diameter 
of portion 21 normally need not be increased after graft 
20 is inserted in the body. Not having to increase the 
diameter of portion 21 after graft 20 is inserted in the 
body is an important advantage of the invention. After 

30 graft 20 is inserted in the body, the diameter of center 
portion 21 can, if desired, be increased with a balloon 
is portion 21 is made from an expandable material. 
Regardless of the materials utilized to fabricate graft 
20, it is preferred, that the graft can be folded or 

35 compressed and reduced to a size which facilitates 
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insertion of the graft through a sheath into the desired 
blood vessel in the body. 

As used herein, the term diameter refers to the 
outside diameter of the material used in the grafts of 
5 the invention • The grafts described herein consist of 
hollow cylindrical or substantially cylindrical portions. 
For example, central portion 21, proximal portion 22, and 
distal portion 23 are cylindrical hollow members. 

The graft 30 of Fig. 2 is, like graft 20, 

10 preferably made by taking a length of thin, pliable, 
foldable, hollow PTFE tubing and expanding an 
intermediate section to form center portion 31. Center 
portion 31 has a diameter that is greater than the 
proximal portion 32 and distal portion 33. The diameter 

15 of proximal portion 32 equals that of the original, 
unexpanded PTFE tubing, i.e., portion 32 comprises 
unexpanded PTFE tubing. The distal portion 33 is formed 
by expanding the PTFE tubing to a diameter which is 
greater than the diameter of portion 32 and less than the 

20 diameter of central portion 31. The diameter of distal 
portion 34 attached to opening 36 is also greater than 
the diameter of proximal portion 32 and is less than the 
diameter of center portion 31. Portion 34 is formed by 
expanding or pre-dilating hollow PTFE tubing. As 

25 discussed in connection with graft 20, portion 31 need 
not be made of an expandable material, and can be made 
from a material different than that of portions 32 and 
33. 

The graft 40 of Fig. 3 is, like grafts 20 and 30, 
30 preferably made by taking a length of thin, pliable, 

foldable, hollow PTFE tubing and expanding an end section 
of the tubing to form portion 41. Portion 41 has a 
diameter that is greater than the proximal portion 42. 
As discussed in connection with graft 20, portion 41 need 
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not be made of an expandable material, and can be made 
from a material different that of portion 42. 

The following examples are presented by way of 
illustration, and not limitation, of the practice of the 
5 invention. 

EXAMPLE 1 

The graft 20 of Fig. 1 is made by taking a length 
of two mm diameter PTFE tubing and expanding the center 
portion 21 to eight mm by introducing a balloon inside 

10 portion 21 and expanding the balloon with pressurized 
water. The diameter of proximal portion 22 is two mm. 
The diameter of the pre-dilated center portion 21 in Fig. 
1 is, as noted, eight mm. Radiopaque marker 84 is 
attached to proximal portion 22. Radiopaque marker 85 is 

15 attached to distal portion 23. Stents 24 and 27 are 
inserted in proximal portion 22 and distal portion 23, 
respectively. A balloon 25 is introduced in stent 24 and 
is expanded to about one atmosphere pressure to secure 
the balloon 25 in place inside stent 24 without causing 

20 stent 24 to expand. The balloon is carried on shaft 26. 
The graft 20 — stents 24, 27 — balloon 25 — shaft 26 of Fig. 
1 are tightly folded inside a sheath and inserted in a 
selected blood vessel about eight mm in diameter. Once 
the graft 20 is at the desired position in the blood 

25 vessel, balloon 25 is used to expand stent 24 and 

proximal portion 22 to about eight mm. After stent 24 is 
expanded, balloon 25 is deflated and moved to a position 
inside stent 27 and distal portion 23 to about eight mm. 

EXAMPLE 2 

30 The graft 40 of Fig. 3 is made by taking a length 

of five mm diameter expandable PTFE tubing and pre- 
expanding one end of the tubing to form the distal 
portion 41. Portion 41 has a diameter of 18 mm. The 
proximal portion 42 is not pre-expanded and has a 

35 diameter of five mm. A radiopaque marker 82 is affixed 
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to the proximal portion 42. Another radiopaque marker 83 
is affixed to. the distal portion 41. The distal portion 
41 is long enough to span an aneurysm in the procedure 
described below in this Example 2. A balloon expandable 

5 aortic stent 43 is inserted in proximal end 42. 

A four cm long collapsed or folded angioplasty 
balloon 44 is inserted in stent 43, in the manner shown 
in Fig* 4 f and inflated to two to three atmospheres to 
secure the balloon in stent 43 and proximal portion 42. 

10 Balloon 44 is carried on a guide wire 45. If the balloon 
is inflated standing alone outside of stent 43, it has an 
initial diameter of twenty cm after the balloon is filled 
sufficiently (to a pressure of about one atmosphere) to 
remove the folds from the balloon and assume a smooth 

is accurate configuration. As the pressure of water in the 
balloon is increased, the diameter of the balloon 
increases to its maximum labeled diameter. 

In .Fig. 4, the stent 43 is mounted in balloon 40 
so that one end of stent 43 extends two mm outside the 

20 left-hand end of proximal portion 42. If desired, stent 
43 can be attached to proximal portion 42 with a single 
prolene suture or by any other desired means, including a 
staple. 

After the balloon is inflated to two to three 
25 atmospheres in the conf iguration shown in Fig. 4, an 
eighteen Fr. (French) sheath is used to introduce the 
graft 40 — stent 43 — balloon 44 configuration through the 
common femoral artery percutaneously and to the level of 
the neck of the aneurysm 50, below the renal arteries 51 
30 and 52, as shown in Fig. 5. The sheath is retracted or 
pulled along guide wire 45 to a position in the iliac 
artery 53. In Fig. 5, the end of proximal portion 42 is 
positioned in the proximal aneurysmal neck of the blood 
vessel. The end of distal portion 41 is positioned above 
35 the aortoiliac bifurcation. 
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In Fig. 5, the balloon 44 is expanded to expand 
stent 43 to force proximal portion 42 against the 
aneurysmal neck of the blood vessel and fix the graft 40 
in place. Stent 43 and portion 42 are expanded to a 

5 diameter of about eighteen mm. Because of the high blood 
flow pressure through the aorta, a balloon is used to 
occlude the aorta from above, while balloon 44 is 
expanded. Or, a steady pressure is applied to shaft 45 
to hold balloon 44 in place during its inflation. 

10 If desired, proximal portion 42 can include a 

tapered tip 42A and stent 43 can include a tapered tip 
43A, which are not expanded when balloon 44 is expanded 
in Fig. 5. In this case, after stent 43 and proximal 
portion 42 are expanded to the conf iguration shown in 

15 Fig. 6, then balloon 44 is deflated and moved upwardly in 
Fig. 5 into tapered tip 42A, where balloon 44 is again 
expanded to expand tip 43 A and tip 42A to a diameter of 
about 18 mm. 

In Fig. 6, balloon 44 has been deflated and moved 

20 downwardly to a new position to expand the remaining 

unexpanded portion of proximal portion 43. After balloon 
44 is in the position shown in Fig. 6, it is expanded to 
expand the constricted section of proximal portion 43 to 
about eighteen mm. The proximal portion 43 can be 

25 expanded to about eighteen mm because the balloon 
operator knows what balloon inflation pressure is 
required to expand the proximal portion 43 from five mm 
to eighteen mm and can view this procedure 
f luoroscopically . 

30 Once proximal portion 43 is expanded to about 

eighteen mm along its entire length, balloon 44 is 
deflated and removed and, as shown in Fig. 7, an aortic 
stent 55 is deployed in the lower end of graft 40. A 
balloon 44 is used to expand stent 55 to force the lower 

35 end of distal portion 41 against the wall of the blood 
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vessel. Balloon 44 is then deflated, and balloon 44 and 
shaft 45 are removed from the patient's body. 

EXAMPLE 3 

The graft 30 of Fig. 2 is made by taking a length 

5 of five mm diameter expandable PTFE tubing and pre- 
expanding an intermediate portion of the tubing to form 
the central portion 31. Portion 31 has a diameter of 20 
mm. The proximal portion 32 is not pre-expanded and has 
a diameter of five mm. The first distal portion 33 is 
10 made by pre-dilating an end of the five mm tubing to nine 
mm with a nine mm angioplasty balloon catheter. Opening 
36 is formed through graft 30 and the end 35 of a length 
34 of pre-expanded PTFE is securely sutured around 
opening 36. The opening 36 is nine to ten mm wide and 

15 opens on the side of the graft. The anastomosis is from 
end to side. A size 4/0 PTFE, or similar material, 
continuous suture is used for the anastomosis. Length 34 
comprises .the second distal portion of the graft 30. 
Distal portion 34 is formed by pre-dilating a length of 

20 five mm diameter PTFE before portion 34 is sutured around 
opening 36. A radiopaque marker 81 is affixed to the 
outer end of distal portion 33. Another radiopaque 
marker 80 is affixed to the outer end of distal portion 
34 ♦ A third radiopaque marker 86 is affixed to the outer 

25 end of proximal portion 32. If the graft 30 is being 

used to treat an aneurysm, the central portion 31 is long 
enough to span an aneurysm in the procedure described 
below in this Example 3. A balloon expandable aortic 
stent 43 is inserted in proximal end 42. 

30 An aortic balloon expandable stent is inserted in 

the proximal end 32, followed by a twenty mm angioplasty 
balloon 65 (assuming the neck of the blood vessel above 
the aneurysm is about twenty mm in diameter) . Balloon 65 
is positioned inside stent 66. The wire 64 carrying 

35 balloon 65 extends from balloon 65 through center portion 
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31 and out through distal portion 34. The balloon 65 is 
inflated to a pressure of one to three atmospheres in 
order to fix the balloon and stent in graft 30. The one 
to three atmosphere pressure is less than the pressure 
5 needed to expand stent 66 and the proximal portion 32 is 
marked with a clip. The stent 66 can be secured to 
portion 32 with one or two single prolene sutures. 

A loop 62 of prolene suture is introduced in a 
nine Fr. sheath 60 through the patient's right groin and 

10 is passed through iliac artery 54, through artery 53, 
through the eighteen Fr. sheath 61, and out through the 
patient's left groin in the manner illustrated in Fig. 8. 
The end of loop 62 extending out of the patient's left 
groin is secured to the end of distal portion 33. 

15 Another loop 63 of suture is secured to the end of distal 
portion 34. 

The graft 30 — stent 66 — balloon 65 is reduced or 
compressed into sheath 61 for the percutaneous 
introduction through artery 53 into the aorta of the 

20 patient. After graft 30 and sheath 61 are positioned in 
the aorta, sheath 61 is withdrawn into the iliac artery 
53 and graft 30 is positioned in the aorta with distal 
portions 33 and 34 above the aortic bifurcation as shown 
in Fig. 9. As would be appreciated by those of skill in 

25 the art, radiopaque markers 80, 81, and 86 permit the 
ready location of the graft 30 in the patient. In Fig. 
9, loop 62 extends from distal portion 33 out through the 
right groin of the patient. Loop 63 extends from distal 
portion 34 out through the left groin of the patient. 

30 After graft 30 is in the position shown in Fig. 9, 

loops 62 and 63 are gently pulled to displace graft 30 in 
the direction of arrow A in Fig. 9 and to move distal 
portion 33 into artery 54 and distal portion 34 into 
artery 53 so that graft 30 assumes the general position 

35 illustrated in Fig. 10. 
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After graft 30 is in the general position shown in 
Fig. 10, balloon 65 is inflated to expand stent 66 and 
proximal end 32 to secure the graft in the aorta above 
aneurysm 50. Fig. 10 illustrates stent 66 and proximal 
5 portion 32 after balloon 65 has been inflated to expand 
stent 66 f and after balloon 65 has then been deflated and 
moved downwardly into the remaining unexpanded portion of 
proximal portion 32. If possible, stent 66 , portion 32, 
and/or balloon 65 can be sized such that after balloon 65 
10 is inflated to expand stent 66, the entire length of 
portion 32 is expanded. In Fig. 10, portion 32 is 
expanded to a diameter approximately equal to the 
diameter of central portion 31. 

After portion 32 is expanded and balloon 65 is 
15 deflated, the blood flow through the aorta helps to open 
distal portions 33 and 34. 

Balloon 65 and shaft 64 are removed from the 
patient. Loops 62 and 63 are removed. Stent 72 is 
inserted in distal portion 34 in the position shown in 
20 Fig. 11 and is expanded with balloon 71 on shaft 70 to 
secure portion 34 in artery 53. A similar stent is 
inserted in the lower end of distal portion 33 and is 
expanded to secure portion 33 in artery 54. 

The expandable stents shown in Figs. 1, 4 to 7, 
25 and 9 to 11 can be positioned inside a graft, outside of 
the graft, or intermediate layers of graft material when 
the graft is made from laminate cylindrical members. 
Many kinds of expandable stents are known in the art and 
will not be detailed herein. While it is possible that a 
30 self expanding stent could be utilized in the practice of 
the invention, it is presently preferred that balloon 
expandable stents be utilized to insure that the stents 
securely anchor a graft to a blood vessel. 

Other embodiments are within the scope of the 

35 claims. 
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What is claimed is: 
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1. A graft for use in a blood vessel, said graft 
including: 

(a) a first, large diameter portion having a 
diameter corresponding substantially to the inner 

5 diameter of said vessel, said large diameter portion 
being formed of a foldable synthetic material such that 
said portion can be reduced to smaller profile to 
facilitate insertion into the vessel and be extended 
substantially to the diameter of the vessel once 
10 positioned at a desired site; and 

(b) a second, small diameter portion 
connected to said large diameter portion and having a 
substantially uniform diameter that is less than the 
diameter of said large diameter portion and the diameter 

15 of said vessel to facilitate insertion into the vessel, 
said small diameter portion being formed of a synthetic 
material such that said portion can be radially expanded 
to the vessel wall diameter after insertion in a blood 
vessel. 

20 2. A system for use in a blood vessel, said 

system including: 

a graft, and an expansion element, said 

graft including: 

(a) a first, large diameter portion having a 

25 diameter corresponding substantially to the diameter of 
said vessel and a length substantially greater than said 
expansion element, said large diameter portion being 
formed of foldable synthetic material such that said 
large diameter portion can be reduced to smaller profile 

30 to facilitate insertion into said vessel and can be 

extended substantially to the diameter of the vessel once 
positioned at a desired site; and 
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(b) a second, small diameter portion 
connected to said large diameter portion and having a 
diameter that is less than the diameter of said large 
diameter portion and said vessel diameter to facilitate 
5 insertion into the vessel and, said small diameter 

portion being formed of an expandable synthetic material 
such that said small diameter portion can be radially 
expanded with said expansion element to a diameter 
greater than said original diameter after insertion in 
10 said vessel. 

3. A method for inserting a graft in a vessel, 
said method including the steps of: 

(a) providing a system as described in claim 2; 

(b) positioning said graft in a manner that said 
15 small diameter portion is located about said expandable 

element and said large diameter portion is reduced to a 
profile smaller than said vessel diameter; 

(c) inserting said graft and said expansion 
element in the blood vessel and locating said graft at a 

20 desired site; 

(d) radially expanding said small diameter portion 
with said expansion element; and 

(e) collapsing said expansion element, and 
removing said expansion element from the vessel while 

25 leaving said graft in said vessel. 

4. The graft of claim 1 or the system of claim 2 
wherein said graft is graft is a continuous tube-form of 

a single synthetic material* 

5* The graft or the system of claim 4 where said 
30 graft is formed of PTFE. 
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6. The graft of claim 1 or the system of claim 2 
wherein said small diameter portion has a shorter length 
than said large diameter portion* 

7. The graft or the system of claim 6 wherein 
5 said large diameter portion has a length sufficient to 

span a diseased area while said end portion is selected 
to engage a healthy portion of vessel adjacent said 
diseased portion. 

8. The graft of claim 1 or the system of claim 2 
10 including an expandable metallic stent attached to said 

synthetic material and extending only in said small 
diameter portion. 

9. The graft of claim 1 or the system of claim 2 
wherein said small diameter portion is at an end of said 
15 graft. 

10. The graft of the system of claim 8 including 
first and second small diameter portions arranged with 
said large diameter portion therebetween. 

11. The graft or the system of claim 8 where said 
20 graft includes a small diameter portion at only one end. 

12. The system of claim 2 further including a 
sheath for delivery of said graft into said vessel. 

13. The system of claim 2 wherein said expansion 
element is an inflatable balloon. 

25 14. The system of claim 13 wherein said balloon 

is an angioplasty balloon. 
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15. The method of claim 3 comprising delivering 
said graft and expansion element over a guidewire. 

16. The method of claim 3 comprising delivering 
said graft and expansion element through a sheath. 

5 17. The method of claim 3 wherein said expansion 

element is an inflatable balloon. 

18. A graft for use in a blood vessel, said graft 
comprising: 

a continuous tube-form of a single synthetic 
10 material including: 

(a) a first, large diameter portion having a 
diameter corresponding substantially to the inner 
diameter of said vessel, said synthetic material in said 
large diameter portion being f oldable such that said 

15 portion can be reduced to smaller profile to facilitate 
insertion into the vessel and be extended substantially 
to the diameter of the vessel once positioned at a 
desired site; and 

(b) a second, small diameter portion 

20 connected to said large diameter portion and forming an 
end of said graft, said small diameter portion having a 
substantially uniform diameter that is less than the 
diameter of said large diameter portion and the diameter 
of said vessel to facilitate insertion into the vessel, 

25 said small diameter portion being formed of said 

synthetic material and including an expandable metal 
stent extending only in said small diameter portion such 
that said portion can be being radially expanded to the 
vessel wall diameter after insertion in a blood vessel. 
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19* The graft of claim 18 wherein said small 
diameter portion has a shorter length than said large 
diameter portion. 

20. The graft of the system of claim 19 including 
5 first and second small diameter portions arranged with 

said large diameter portion therebetween. 

21. The graft or the system of claim 19 where 
said graft includes a small diameter portion at only one 
end. 

10 22. The graft of any one of claims 18 to 21 where 

said graft is formed of PTFE. 

23. A method for forming a graft for use in a 
blood vessel, said method comprising: 

providing a continuous tube-form of a single 

15 synthetic material, said tube form having a diameter 
smaller than the diameter of said vessel; 

inserting an expandable member into said tube 
form, said expansion element having a length that is 
shorter than the length of said tube-form; 

20 expanding said expansion element to radially 

expand said synthetic material to form a first, large 
diameter portion having a diameter corresponding 
substantially to the inner diameter of said vessel, said 
synthetic material in said large diameter portion being 

25 foldable such that said portion can be reduced to smaller 
profile to facilitate insertion into the vessel and be 
extended substantially to the diameter of the vessel once 
positioned at a desired site, and to form a second, small 
diameter portion connected to said large diameter portion 

30 and forming an end of said graft, said small diameter 
portion having a substantially uniform diameter that is 
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less than the diameter of said large diameter portion and 
the diameter of said vessel to facilitate insertion into 
the vessel, said small diameter portion being formed of 
said synthetic material such that said portion can be 
5 radially expanded to the vessel wall diameter after 
insertion in said blood vessel* 

24. A graft for use in a blood vessel formed by 
the process in claim 23. 
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